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• C and strain rates 0.01, 0.10, 1.00 s −1 . At given temperatures and strain rates ow curves exhibit a peak followed by a decline towards a steady state which is indicative of dynamic recrystallization. At constant strain, ow stress increases with increasing strain rate and decreasing temperature. The analysis of the constitutive equation relating peak ow stress, strain rate and temperature shows high activation energy values for both steels. Recrystallized volume fraction of steels after hot deformation is estimated based on the grain orientation spread as measured by electron backscattered diraction technique, on the hot deformed and quenched materials. It is well known that the hot work processing of steels is mainly inuenced by strain rate (ε) and temperature (T ) and that the optimization of them allows the steels under forming to recrystallize dynamically to ne grains without cracks [14] .
A way to study the hot deformation process in steels is hot torsion test [1, 2, 5, 6] . Hot-torsion test consists of twisting a cylindrical specimen at a dened rate to a certain strain or to failure and it provides information on the hot deformation under dened conditions of temperature and strain rates. The hot deformation mechanisms are involved when temperature is above 0.5T m (melting temperature, K) and the phenomena are similar to creep [17] .
The goal is to nd the constitutive equations of steels so to dene the relationship between stress, strain, strain rate and temperature based on the study of the shape of the stressstrain curve; that is inuenced by work hardening, dynamic recovery and/or dynamic recrystal- The decrease in stress can take place in dierent ways: single peak behavior observed at low temperatures and high strain rates, and multiple peaks at high temperatures and/or low strain rates; a stabilization of the stress strain curve up to the failure of the sample.
For the peak a power law is often found [8, 9] :
where A 0 , Q, R (gas constant) and n can be considered constants.
If the ZenerHollomon parameter is dened as [3] :
the following power law is obtained [1] :
Garofalo extended the above approach proposing an expression that covered the whole range of stresses [2] :
where A , n , Q, R and α are constants.
Steels based on 3% and 5% Cr respectively are used for the production of heavy components, usually forged in 3 or 4 steps and the forging process involves high costs.
The aim of this work is to study the hot deformation behavior in order to optimize the forging process. The steels are usually used in the quenched and tempered state, characterized by tempered martensitic microstructure.
2. Material and experimental details Steel 1 and 2 are considered in this study, the rst being a 3% Cr, the second a 5% Cr steel (Table I) . Tool Steels: Forging Simulation and Microstructure Evolution. . .
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The n coecient has been evaluated in a logarithmic plot, stress and strain rate (Fig. 2) while the activation energy Q is determined plotting in a semilogarithmic plane the stress versus the inverse of the temperature (Fig. 3) . Both coecients are relative to steel 1. Table II shows the value of constants of both steels using Eq. (1) while Table III shows the constants value of both steels using Eq. (4).
The comparison between experimental stress and calculated one shows that they are similar using Eqs. (1) and (4) for both steels ( EBSD analysis of the same specimens (Fig. 6 ) shows a very ne microstructure, independent of austenite grain size (deformation temperature), as expected for martensite [9] . Since is it not possible to evaluate the recrystallization degree of austenite, it is reasonably assumed that recrystallized austenite leads to a low (< 1) GOS parameter in martensite after quenching. Figures 7 and 8 show a higher volume martensite fraction with GOS < 1 if deformation temperatures or rates are increased. 
Conclusions
The hot deformation of a 3% Cr and a 5% Cr steels was investigated by means of torsion tests in a wide range of temperature and strain rate. Both steels showed a dynamic recrystallization behavior during hot deformation. The hot deformability of the two steels appeared to be very similar: in particular in both cases a higher martensite volume fraction characterized by grain orientation spread GOS < 1 was found with increasing deformation temperatures or rates. The recrystallization volume appeared to be dependent of the degree of austenite recrystallization. 
